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Uninterrupted Power Supply

Vatsattavas Mahakusol

Vichian Thepsuthinuntha

Mr.Pichit Lumyong

ABSTRACT
In the case of abnormel electrical feeder such as

undervoltage,overvoltage or noise on line. The critical load
must be supplied continuously. Then the UPS will stabilize the
system. The general UPS consists of rectifier, bettery and
inverter

This project considers only the inverter characteristic,
supplied from battery. MOSFET,the switching device, is controlled
by PWM signal. This signal causes low hamonics sinusoidal output.

And PWM signal is generated by snalog circuit.
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Han1innaogy

Input Output UTeangaw (%)
nRe (Wett) V.. 1. in v, 1. P,
No load 48 0.6 28 | 232 0 0 -
100 48 2.6 124 | 215 0.4 86 69
200 48 5.8 278 | 220 0.8 176 63
300 48 7.0 336 | 210 1.2 252 75
400 48 12.1 580 | 203 1.6 324 55
500 48 14.4 691 185 2.0 370 53
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"ORDERING INFORMATION ' . , C1495L
Device Temparature N-nge Package in el Ll hond ]
MC1495L 0°C to +70°C Ceramic DIP - b P -
MC1595L -55°C to +125°C Ceramic DIP .
Specifications and Applications w
Information
, “LINEAR FOUR-QUADT
) ny T -
WIDEBAND MONOLITHIC MULTIPL™ R
FOUR-QUADRANT MULTIPLIER
. . . designed for uses where the output is a linear product of two SILICO™ £3anpt T
input voltages. Maximum versatility is assured by sllowing the user "‘JTE".RAT:" C';?’ ur
to select the level shift method. Typical applications include: multi- i 2 coMreE
ply, divide®, square root®, mean square®, phase detector, frequency
doubler, balanced modulator/demodulator, electronic gain control.
*When used with an operational amplifier.
e Wide Bandwidth
e Excellent Linearity — 1% max Eeror on X-Input, 2% max Error on S -
* " Y-input = MC1595L ' : — \i
e Excellent Linearity — 2% max Error on X-Input, 4% max Error on 3 e n AAY ]1
Y-Input — MC1495L l“ﬂ \
a
e Adjustabie Scale Factor, K My
® Excellent Temperature Stability
L SUFFIX
e Wide Input Voltage Range — + 10 Volts CERAIIC PACKAGE
e 1 15 Voh Operation CASE 632 23
FIGURE 1 — FOUR-QUADRANT 3 i
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 - TRANSCON" JCTAMCE CAFDWIDTS
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14551, BEI585L

ELECTRICELCRRACTERISTICS (v = +32V,

V- = -15V,TA = +25C. 13 = l13-=‘|.0rnA.Rx = Ry = 15k,

Rp = 11 k2 unless otherwise noted)
Characteristic Figure Symbol | Min Typ Max Unht
Linearity: 5 *
Output EwrBePercent of Full Scale:
A= + X
-10 <#g<+10 (Vy = =10V) MC1435 ERX _— =1.0 =20
: MC1595 — =05 *1.0
—10 Bg< +10 (VX = =10V) MC1495 ERy — =20 =4.0
MC1595 _— =1.0 =20
1, = 05+%C MC1495
—104‘<+10(VY-=10V) ERX -— =15 —
- 10 <By< +10 Vy = +10V) ERY —_ =3.0
T, -%Cm +125°C MC1595
e +10 (Vy = =10V) ERX =075
| <yc +10 (VX = =10V) ERY —_ *15 —
Squ Suiegror: | 5 Esa %
Acc soy racent of Full Scale After
Otisel amSade Focior Adjustment
Ta = 125 MC1455 - =0.75 —
MC1595 — =05 —
T = 0toriSC MC1495 — =1.0 -
Ta = -5%w+125°C MC1595 — =075 | —
Scale Facufitjustable) —_ K — 0.1 —_
K = __3._)
3% %
input Ressane MC1495 7 RINX —_ 30 —_ M¢}
(f = 2083 MC1595 — 35 -
MC1495 RINY = 20 —-
MC15685 — 35 -
Difteiontiiiput Resistance (f = 20 Hz) 8 Ro — 300 —_ (1}
tnput Biasiwent 6 KA
bx = al FIi Iy = {ig + 1g) MC1495 1bx — 2.0 12
2 2 MC1595 - 2.0 8.0
MC1495 Iby - 2.0 12
MC1535 —_ 2.0 8.0
Input Otfselsrent 6 HA
fig - ht MC1495 ltiox! — 0.4 2.0
MC1595 — 0.2 1.0
g ~ 1gl MC1495 Yioy! R 0.4 2.0
MC1595. — 0.2° 1.0
Average dagei ture Coefficient of 6 [TCiiol nAMC
Input GiseCurrent
(Ta =70+ 707C) MC1495 — 25 —_
(To =-5Ct0 4 125C) MC1595 —_ 25 —
Output Cse=Current MC1495 6 llool 20 100. pA
fa—t2! MC1595 —_— 10 50
Avcraguasmurature Cocfficient of 6 TCiool nA~C
Outpufitict Current a -
(Ta =38+ 70C) MC1495 —_ 20 -—
(T ~-8C10 1 125°C) MC1585 — 20 — _
frequeng &sponse 9,10
3.0 dBadwiath, R = 11 k0 Bwags| — 30 - MHz
3.0 diBadwidih, R = S0 {} {Transconductance Bandwidth) Tew3ds] — 80 — MHz
3¢ RewwePhase Shiht Between Vx and Vy 13 — 750 _ kHz
1% Asolte Error Due 10 Input-Output Phase Shift fa —_ 30 — kHz
Commortde input Lwing MC1495 n cmy =105 212 — Vdc
{Eithedpt) MC1595 =115 =13 -_—
Commamade Gain MC1495 n ACM - 40 -50 aB
{Lithebrpst) MC1595 - 50 - 60 —_
Commeodaide Quiescent 12 Vo1 -— 21 —_ Vde
Qutps\stage Vo2 21 —_
Dit{eresatButput Voltage Swing Cepchitity 9 Vo —_ =14 - Vpaak
1 Power gy Sensitivity 12 s+ - 6.0 - mvv
. S- — 10 —_
Powerpgy Current 12 7] -_— 6.0 7.0 mA
DC Pows Bssipation 12 Pp — 135 170 mw
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TEST CIRCUITS {continued)

FIGURE € — INPUT AND OUTPUT CURRENT
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MC1495L, MC1585L
TEST CIRCUITS (continued)
FIGURE 12 — POWER SUPPLY SENSITIVITY FIGURE 13 — OFFSET ADJUST C1ACUITY
32V
v BE sk ° T v
P
LR J,
E"O'* -O-——AAA4
Ny
= |3 . E_A'.ﬁ
2 "k
MCIS85L
8 mossy) OV
we 12 TOPING ot it 102 sommn
1N753 ’ " " —— —n TO PN
62V L AAA~ Y OFFSET AD) 0L 10 Y OFISLT ADJ
43k 3 3
Vo2 Vor _|O1f
° -_—-————A‘\N——-——av
01,F S 1T ‘_:!‘ ) 704 .
o v [isv]32v S 10 =
= g 2 fVer- Voall R | 10k | 224
ov'
$ 13 (Vo1 - Vo2l v
av- .

TIN290%A 2%
-5V

GRIQUIV
FIGURE 14 — OFFSET ADJUST CIRCUIT (ALTERNATE)

' v
;u
51V
C e ) ro1 07 10PN 12 ’
—8—+ S0k 10LS O X OFFSET ADJ ;
sav = .

TOPING
y QFFSET ADJ
2k

-1V

lim

5viazv
5.1 %
-5V

MOTOROLA LINEAR/INTERFACE DEVICES
11-29




Erx. ERY. LINEARITY ()

ERROR PCACENT OF FULL SCALE (%)

VX1 ORIVY ], MAX [Vpeat)

TYPICAL CHARACTERISTICS

FIGURE 15 — LINEARITY versus TEMPERATURE

FIGURE 16 ~ SCALE FACTOR versus TEMPERATURE
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OPERATION AND APPLICATIONS INFORMATION

.

1. Theory of Operstion

The MC159% (MC1495) is » monolithic, four-quadrant multi-

plier which operates on the principie of variahle transconductance.
The detailed theory of operstion is coverec in Application Note
AN-489, Anslysis and Basic Operation of the MC1595. The result
of this snalysis is that the differential output current of the multi-
plier is given by

VxV
Ia-lg=nle 2VxVy
RxRyl3

where 1o a.:d Ig are the currents into pins 14 and 2, respectively,
and Vy and Vy sre the X and Y input voltages st the multiptier
input terminpls,

2. Design Considerations

2.1 Geners!

The MC1535 (MC1495) permits the designer to tailor the
multiplier to a specific application by proprr selection of ex-
ternal components. Externa! components may be selected to
optimize @ given parameter {e.g. bandwidth! which may inturn
restrict another paraméter (e.g. maximum output vth-ge swing}.
Each impor{ant paremeter is discussed in detail in the following
paragraphs,

2.1.1 Linearity, Output Error, ERx ot ERY

Linearity error is defined as the maximum deviatior. of out-
put voltage from a straight fine transfer function. 1t is expressed
as error in percent of full scale {see figure betowl.

For example, if the maximum deviation, VE{max). i
2100 mV and the full scale output is 10 volts, then the
peroentage error is

vV
ER = E{max) x 100

Voimax)

100 10-3
10

> 100 = 11.0%.,

Linearity error may be measured by either of the following
methods:

1. Usingan X — Y plotter with the circuit shown in Figure 5,

obtain plots for X and Y similar 10 the one shown above.

2. Use the circuit of Figure 4. This method nulls the level

shifted output of the multiplier with the original input.
The peak output of the null operstional amplitier will be
equa! 10 the error voltage, VE (max). .

One source of hinearity error can arise from large signal non-
finearity in the X and Y-input differentia! smplifiers. To avoid
introducing error from this source, the emitier degenerstion
resistors Ry and Ry must be chosen farge enowch 0 that non-
linesr base-emitter voltage variation can be ignored. Figures 17
and 18 show the error ‘expected from this source as 8 function
of the valuesof Ry and Ry with an operating current of 1.0 mA
in each side of the dilferential amplifiers (i.e..13= f13 = 1.0 mAL

2.1.2 3 dB-Bandwidth and Phase Shift 4

Banrwidth is primarily determined hy the foad resistors and
the stray multiplier output capacitance anvifor the operatinnal
amplifier used to level shift the output, #{ widcband opcration
is desired, low valuc toad resistors encdfar a widehand oparatine !
smplifier should be used. Stray output capacitance will drpesd
to a large extent on circuit lavout.

Phase shift in the muttiplier circuit results from two sources:
phase shift common to both X and ¥ channels {duc to the nad
resistor-output capacitance pole mentioned above) and relative
phase shift bectween X and Y channels (due 10 differences in
transadmittance in the X and Y channels). If the input to outpul
phase shift is only 0.6°, the output product of two sine wiarsms
will exhibit 8 vector error of 1%. A 37 relative phase shift be
tween Vy and Vy results in 8 vector error of 57,

2.1.3 Maximum Input Voltage
Vx{max}- VY {msx) maximum input voltages must be such
1

T Vximax) <113Ry
Vy(max) <i3Ry.

E xceeding this value will drive one side of the input amphficr to
“cutolf' and cause non-linear operation.

Currentsigend Iygarechosrn ot a convenicnt vah ¢ {obsrrv.
ing powet dissipation limitation) between 0.5 mA and 2.0 mA,
spproximately 1.0 mA. Then Ry and Ry tan be determined by
considering the input signat handiing requirements,

For Vx(max) * VY (max) * 10 vO!ts.

vV
Ry = Ry > =10k,
XEEY 7 TomA
2VyVy
he equat:on ig - 1g = ———
The equation ig -1 RxRvls .
2VxVy
; Lig =
s detived from 14 -1g T T
{Ry *+ )} Ry + —1} 13
a3 ul3

kT FiN
with the assumption Ry >Z— and Ry > .
al13 a's

A1 Tp = +25°Cond 13 = 13 1 mA,

BT AT

=524,
ql13 al3

Therefore, with Ry = Ry = 10 k1l the sbove assumntion is valid.
Reference to Figure 19 will indicate limitations of Vx(max} O
Vv {max} due 10 Vy and V3. Exceeding these timits will cause
saturation or “'cutoti” of the input transistars. Sen Step 4 ot
Section 3 {General Design Procedure) for turiher detoils.

2.1.4 Maximum Output Volitage Swing

The maximum output valtage swing is dependent UpO" the,
{actors mentioned below and upon the particutar circuit being
considered.

For Figure 20 the maximum outout swing s dependnnt
upon v for positive swing and upon the vo'tage at pin 1 tor
negative swing. The potential a1 pin 1 determinges the Ques:
cent tevel for transistors Os. Qg. 03, and Qg This potent.al

'MOTOROLA LINEAR/INTERFACE DEVICES
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OPERATION AND APPLICATIONS INFORMATION {continued) )

shoula be relmad 5o that negative swing ot pins 2 or 14 does f on operations: ampilifier is used for level shift, ss shown
NO1 s3turete thuse Mransistors, See Section 3 for further inform- in Figure 21, the Output swing (of the multiplier) is greatly
ation regarding sedec tion of these puientials. fecduced. See Section 3 for further details.

3. Generat Design Procedure
Selection of component values is best demonstrated by the

FIGUSE 20 - aSIC MULTIPLIER following example: sssume resistive dividers are used at the X and
Y inputs 10 limit the maximum multiplier input to 15.0 volts (Vy =
ove V¥ [max ) for a £ 10volt input (VX" = Vy“(max]). (See Figure 21).
1f an overatl scate tactor of 1/ 10 is desired, then
. oax ny L1 b
i Vx' Vy* 12Vx)(2vy)
6o 11 N s &1 VO.J'O_-\.CIIO VxVy.
“ne 10
~ -3
j o ? _ Therefore, K = 4/10 for the multiplier (excluding the divider
va 2 ‘ ¢ network),
v,
b MLIsgEL NN -~ |Step 1.[ The firsy Step is 10 sefect current 13 and current 43
— . eIty There ére no restrictions on the selection of either of these currents
vy | ’ Vo' Kvxvy except the pow:r‘dfsupalion of the dqiu. 133nd 113 will normatly
28, be one or two milliamperes. Further, 13 does not have 1o be equal
ke Axhy 10 113, and there is normatly no need to make them different. For

this exampte, tet
13=T3=1mA.
To set currens 13 and 193 to the desired value, it is onty

nscessary 1o connect a resistor Letween pin 13 and ground, and be- .
tween 2in 3 and ground. From the schematic shown in Figure 3,

FIGURE 21 - MULTIPLIER WITH OP-AMPL. LEVEL SHIFT
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‘MC1495L, MC1595L

i

it un be seen thst the ¢ b y sre given by:
Ry3+500 2~ vii-oav
h3
R+ 500 n e V107V
13
Let V"= .15V
143V
Then Rqq+4500 = Ryq=
. 13 1A orRy3= 138kN

Ltet Ry3=12kn
Similerly, Rz~ 138 k02
Let Rz=15kN

However, for applications which require an accurate scole factor,
the adjustment of R3 and consequently, 13, 6ifrrs 8 convenient
method of making a final trim of the scale factor. For this reason,
as shown in Figure 21, resistor R3 is shown a3 3 fixed resistor in
series with @ potentiometer.

For applications not requiring an exacy scate factor (balanced
modulator, frequency doubler, AGC amplifier, etc.), pins 3 end 13
can be connected together end 2 single resistor 4rom pin 3 to ground
can br ustd. fn this case, the single resistor would have 2 value of
onc-hall the above calculated vatue for Ryq.

The next step is to select Rx and Ry. To insure
that the input transistors will slways be active, the following condi-

tions should be met:

Vyx
— < 113
Ry
A good rule of thumb is to make I3Ry & 1.5 Vy(max) 8nd
13 RX 2 1.5 Vimax)- .

The 1a-ger the I3Ry and 133R x product in relation 10 Vy
and Vy respectively, the more sccurate the muliiplier will be (see
Figures 17 end 18). \

v
-—v <|3.
Ry

.

Let Ry = Ry = 10k0
Then 13Ry = 10V

133Rx = 10V
since Vytmpx) © Vygm,)mhe valveof Rx * Ry -@
is sutficient, e— o =
35 suiticaent.
I_S'rg 3.? Now that Ry, Ry and I3 have been chosen, R can
be determined:

2R [
K= ____L.. - ..‘_ -0
AxRyly 10
or 121 (R} . _‘_ Rus i ’ 1'_:S K
{iok (1081 (1 mA) 10 | o
i t 5K
Thus R = 20 k5. ‘

!Strp 4, lTo determine what power supply voliage it necessary
for this eppTication, stfention must be piven 1o the circuit schematic
shown in Figure 3. From the circuit schematic it con be seen that
in order 1o maintein tramsistors 01, O, Q3 and Qg in #n sctive

OPERATION AND APPLICATIONS INFORMATION (continued)

region when the mavimum input voltages are applied i* " = Vy' =
10Vor Vx =50V, Vy = 50 V), ther resoective col' tor voltaye
should be st least o t~w tenths of 8 volt higher than o5 mewiinym
input voltage. It sho--'d shs0 be noticed that the co!' _tor «olvagn
of transistors Q3 end Q; we 3t » potential which is two diode-rlrons
below the voltege o pin 1 Thus, the voltage st pin 1 shnuld be abhout
two volts higher then th: maximum input voltage. Thrruvtore, 1o
handle 45.0 volts at the in-wuts, the voltage at pin T must br 8t ledut
+7.0 votts. Let Vg =90 e,

Since the current * “llowing into pin 1 is diw. /s eaudl to
213, the voliage at pin 1 can be set by placing a resistor, Rq from
pin 1 10 the positive supply:

v* -Vi
2i3

Ry=

tet vi=snv:

18V-OV
Then A= oy Y
R TTITIY Y

R,'3kh.

Note that the voltage a1 the base of transistors Og, Og, 07 and Og
is one diodedrop below the voltag= at pin 1. Thus, in order that
these transistors stay active, the voltage ot pins 2 and 14 shouid Le
spproximately hatiway between the valtage 2t nin 1 3nd the poritive-
supply voliage. For this example, the voltape 8t pins 2 and 14 should
be epproximately 11 volts.

E@ Leve! Shifting

For dc applications, such as the multiply, divide and square:
root functions, it is usually desirable to convert the dilierentsl
output to @ singie-endrd outpol voltagr referemcedd 10 ornued,
The circuit shown in Figure 22 performs this function. ltcatbe
shown that the output voltage of this circuit is given by:

Vo = {12-halRL

3 2tixly 2 VxVy
Andsince Ia -ig=lg-l14* 1 r:ﬁ'm
2R Vx'Vy*
Then Vi = =

4Ryfxlz where Vx'Vy'is the vo'liage a1 the
input to the voltage dividers.

FIGURE 22 — LEVEL SHIFT CIRCUIT
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" The choice of an operationa! ampfifier for this application
should huse low bias currents, low offset current, and 8 high
common-mode input voltage range as well as 8 high common-mode
6084100 tetio. The MC1556, and MC1741 operational smplifiers
Mgt these tequirements.

Refeinng to Figqure 21, the level shift componentywill be de-
teenuned. When V= Vy = 0, the currents {2 and 144 will be equal
w13 InSiep 3, H was found 10 be 20 kS and in Step 4, V2 and
V14 weit suuiad 10 be spproximately 11 volis. From this informa-
tion, Rg, can be found easily from the following equation {negtect-

» the opuiwtional emphficrs bias current):

v A
._20l<|3-v V2
Ry o

Ang iur ample, 11V IsvVaIlv
—_—t T mA s
20 kS2 Ro

Sutving for R, Ry = 26 kil

T’nus: suiect Rg = 3.0 kN2

For Rq = 30 k12, the voltage at pins 2 and 14 is calculated to be
L V2 & Vyg = 10.4 vorts,

The hinearity of ths circuit [Figure 21} is likely 1o be as good
or better thon the Cucuit of Figure 5. Further improvemnents are

OPERATION AND APPLICATIONS INFORMATION (continued)

possible as shown in Figure 23 where Ry has been increased sub-
stantislly 10 improve the Y linearity, and Ry decreased somewhat
80 a3 nO1 to materially affect the X linearity, this avoids increasing
R significantly in order to maintain 8 K of 0.1,

The versatility of the MC1595 {MC1495) atiows the user t0
10 optimize its performance for various input and outpul signal
fevels.

8. Otfset and Scale Factor Adjustment

4.1 Ofiset Voltages .

Within the monolithic muttiplier {Figure 3} transistor base-
_emitter junctions are typically matched within 1TmV and sesistors
are typically matched within 2%. Even with this careful match-
ing, an output erfor €an occur. This output error is comprised
of X-anput offset voltage, Y-input offset voltage, and output-
offsct voltage. These errors can be sdjusted to zero with the tech.
mgues shown n Figure 21, Ofiset terms can be shown sna-
Iytically by the transfer function’

Vo - KIVX 2 Viox2VX oti! (V¥ 2 ViOY2VY otf) £ Voo "

Where K = scate factor

Vyx = X input voltage

Vy = Y gt voltage

VIOX : X snput offsct voltage
VioY : Y input offset voliage

Vx off =. X snput ofisct adjust voitage
Vy off © Y input ofiset adust voltage
Vpo * Output offsvt voltage.

X
-.::5 FIGURE 23 — MULTIFLIER WITH IMPROVED LINEARITY
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OPERATION AND APPLICATIONS INFORMATION (continued)

X, Y ond Output Oftfses Voltages

s N

X Offset e ¥ Otfset

Output
Offsat

"k

For.most de &pplications, sl three offseq adjust potentiome-
ters {Pq. Py, Pg) will be necessary. One or more offset adjust
potentiometers canbe eliminsted for ac spplications {See Figures

28, 29, 30, 31).

If well regulated supply voltages are available, the offset ad-
just circuit of Figure 13 is recommended. Otherwise, the circuit
of Figure 14 wint greatly reduce the sensitavity 10 power supply

changes.
4.2 Scale Factor

The scate factor, K, is set by P3(Figuge 21). Pavaries I3 which
inversely conrtrols the scole factor K. 11 should be noted that
current I3 15 one-half the current through Ry. Ry sets the bias
level for Og, Qg, Q7. end Og {See Figure 3). Therefore, to be
sure that these devices remain active under sl conditions of input
and ouIDUL swing, care should be exercised in adjusting P3 over
wide voltage ranges (see Section 3. General Design Procedurel.

4.3 Adjustment Procedures

The toliowing adjustment procedure should be used to null
the offsets and se1 the scale factor for the multiply mode of

opera:on. {See Figure 21)
1. X input Offset

{al Connect oscillator {1 kHz, 5 Vpp sinewave) to the

Y input (pin 4)
b} Connect X" input {pin 9 1o ground

fc) Adjust X offset potentiometer, Py, for an ac null

at the output
2. Y Input Offser

{3} Connect oscillator (1 kHz, 5 Vpp sincwave) to the

"X input {pin 9)
{b) Connect *'Y* input {pin 4} 10 grourd

{c) Adjust Y offset po!emiometw,?;,for an oc null

at the output
3. Output Offset

(a) Connect both “X* gnd *y= inputs 10 ground
b} Adjust output offset potentiometer, P4, until the

output voltage Vg is rero volts de
4. Scale Factor :
{8} Apply +10 Vdc to both the “X"and "¥Y"

{b) Adjust’ P3 to schieve + 10.00 V at the output.

5. Repeat steps through 4 as necestary,

The ability to uccurately adjust the MC1595 {MC1495)
depends upon the characteristics of potentiometers Py
through P4. Multi-turn, infinite resolution potentiomet.
ers with low-tempecature coeflicients.are recommended.

5. DC Applications
5.1 Multipty

The circuit shown in Figure 21 may be used 1o muteinty
signals from o¢ 1o 100 kHz, Input tevels to the actus! mutti
plier are 5.0 V (max]). With resistive voltsos dividers the maxi-
mum could be very farge — however, for this spplication two-
to-one dividers heve been used so that the maximum input
tevelis 10 V. The maximum output level has piso been designed

for 10 V {max).

Vy

6.2 Squaring Circuit

H the two inputs are tied togrther, the eesitltant function i
saquaring; that s Vo = KV2 where K is the eonle tactnr, tinta
that all error terms can brelimineted with onty threr Mlnnmru!
potentiometers, thus eliminating ona of the input offset X st
ments, Procedures for nulhing with ativ-tminty ~en given as
follows:

1. AC Procedure:

(a} Connect oseilistor (1 kHz, 15 Vor! to input

{b) Monitor butput a1 2 kHz with tunml voltimeter
and adjust P3 for de<irad gain {be sure e poak respance
of the voltmeter)

(c) Tune voltmeter 1o 1 kH; and adjust Py for » run.
#Mum output voltage

(d} Ground input and adjust P4 toutput offset) for
rero velts de output

{e} Repeat steps 8 through d as necessary,
2. DC Procedure:

(3) Set Vyx = Vy = 0 Vand adjust Pg (output oflses
potentiometer) such that V, = 0.0 Vdc

{6) Set Vyx « Vy = 1.0 V and adjust Py Y imn
offsel_potentiometer] such that the output voltage is
40.100 volts

{c} Set Vi = Vy = 10 Vdc and adjust F3 such that the
output voltage is ¢ 10 C0 volts

(0} Set Vy = Vy = -10 Vdc: Repeat steps o through
d as necessary,

FIGURE 24 — BASIC DIVIDE CIRCUIT

rvy vy

5.3 Divide Circuit

Consider the circuit shown in Figure 24 in which the multqy.
plier is placed in the feedback nath of an operationn! amptitier.
For this configuration, the operational ampiifier will maintain
2 "virtual ground™ at the inverting {-} input. Assuming thet the
bigs current of the operations! amplitier is neghgible, then 1q =
I and

E o 1)

-R1 Vz 121

Solving for Vy, M AT Vx °

R1~=R2
Vy » — 3

R1=KR2
vy % ta)

MOTOROLA LINEAR/INTERFACE DEVICES

a



\

.35, MC1595L -

Hence, the output vottage is the ratio of VZ to Vx and provides
& Uivde function. This analysis is, of course, the idea! condition.
11 the mottiplier error is 1aken into account, the output voluage
is found to be '

where <E is the error vollage 8t the oLtput of the multiplier.

From this equation, it is seen that divide sccuracy is strongly

Lependent upon the accuracy at which the multiplier can be

e, particularly 8t small values of Vy. For example, assume

that R1 = R2, and K = 1/10. For these conditions the output
! the dwvide circuit is given by

R1

Vz +E
— +
A2 K

Vy = - L,
¥ Vx ' Ky 15)

-0V
Vyx

10 AE
. .
Vx

(6)

Vy =

Fiom o -r 6, it is seen thal only when Vyx = 10 Vs the
€rfor voltage of the divede circuit as low as the error of the

OPERATION AND APPLICATIONS INFORMATION {continued)

From equation 7, the percentage error is inversely related to
voltage Vy (i.e., for increasing values of V2. the percentage
error decreases).

A circuit that

Figure 25,
Two things shoutd be emphasized concerning Figure 25,

1. The input voltage (V°x} must be greater than zero and
must be positive. This insures that the current out of
pin 2 of the multiplier will always be in s direction com.
patible with the polarity of V2.

Pins 2 and 14 of the multiplier have been interchanged
in respect to the operational amplifiers inpul terminals.
Inthis instance, Figure 25 ditfers from the circuit connec-
tion shown in Figure 21; necessitated 10 insure negative
feedback around the foop.

A Suggested Adjusiment Procedure for the Divide Circuit

1. Sei Vz = 0 voits and adjust the output offset potentio-
meter (P4} until the output voltege (V] remains at some
(not necessarily zero) constant value as Vx' is veried
between +1.0 volt and +10 volts.

performs the divide function is shown in

multiply circuit, For example,_wh.en Vx is small, (0.1 voit} 2. Keep V2 a1 0 volus, set. V' at +10 volts and adjust the
12 €r1or voltage of the divide circuit can be expected 10 be a Y input otfset porentiometer Py} untit Vg « 0 vous..
Funcred times the error of the basic multiptier circuit, 5 = . ‘ .
1n tems of percentage ersor, 3. Let Vy' s V; and adjust the X input .oﬂsel potentio-
meter (P2) until the output voltage remains at some {not
necessarily - 10 volts) constant vatue as Vz = Vy'is
percentage erfor = ""'"I x 100% vatied between +1.0 and + 10 vohs.
actua .
S 4. Keep Vx'e V2 and adjust the scale facior potentiometer
or from enquation (5), (P3) until the sverage value of Vo is - 10 voits as Vv =
Vx'is varied between +1.0 volt and +10 volts.
S. Repeat steps § through 4 as necessary 10 achieve opte-
B’ mum performance.
(3% . A
PEp= R_I—XV - R_zl_s. 5 (7 5.4 Square Root
RijvV Y
l_J _Z. z A special case of the divide circuit wn which the two nputs 10
R2K] vy the multiplier are connected together is the square root function
FIGURE 25 — DIVIDE CIRCUIT
By B 137
? ! ~'
NS
b Hx Ry
. i: 1oe w0 108 33e 2
10 m s ?.. ! 1 .
4 13
b—O—o «
We
MCI9st -
_]L MCVaxs1 ) Ve
= - . . -30vy
104 ] ? vx
vV . .
e 3 n : 12
- VW —8 V2
= i, " EY
10 DFFSEY
I O R o -t B e
ScaLf SLE FIGUAL 1Y 4 ~HYC<VILNY
fation R it
ADIUST T - =




A

MC1485L, MC1595L

OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 26 ~ BASIC SOUARE ROOT CIRCUIT

" [{AS

MCISASL hd
[ 31 Y]

——0 V,

[TREN
-
= NI
Vor I =

This circuit may suffer from
Note

#s indicated in Figure 26.
fatch-up problems similar to those of the divide circuit.

ihat anly one polarity of input is allowed and diode clamping

(see Figure 27) protects egainst accidemal 1a1ch-up.
This circuit elso may be adjusied in the closed-loop mode as
follows:

1. Set V7 10 - 0.01 volts and adjust P4 {output offset) for
Vg = +0.316 volts, being careful 10 approach the output
trom the positive side to preciude the effect of the out-
put diode clamping.

2. Set Vz to - 0.9 volts and adjust Py (X adjust) for Vo =
+3.0 volts.

3. Set Vz to - 10 volts and adjust P3 (scale factor adjust)
tor Vg = 410 volis.

4. Steps 1 through 3msy be repeated as necessary to schieve
desired.accurscy.

- v

6. AC Applicstions

‘The spplications that follow dermc <*rnte the versatility of the
monolithic muttiptier. 1f 8 potted multic¥r- is used ‘or thesn
ceset, the rasults penerally wouid not be a3 good brnuse the cotted
units heve circuits thet, sithough they optimize d' mump ication
operstion, cen hinder ac sppticstions.

6.1 Frequency doubling often is done with e
fundementse! plus s series of hermonics are ganer  “3. Howevnr,
extensive filtering is required to obtain the desi’  harmonic,
and the sescond harmonic obtained under this 1ec” *que usiatly
is smo!l in magnitude snd requires emplification.
When s mufttiplier is used to double frequerncy
harmonic is obtained directly, except for 2 ¢ teerr
he removed with st coupling. T

© ndgde where the

‘v gocond
hich can

- = KE2¢c0s2 wit

€ e KE?

{1 ¢ cos 2utl,

A potted multiplier can be used 10 obtzin the double tre-
quency component, but frequency would be limited by its
internal levelshift amplifier. {n the monolithit units, the ampli-
frer is ornitted. '

In a typica! doubler circuit, conventionst 3 {Sivolt suppl.es
are used. An input dynamic rangs of 5.0 volts peat -tn peak e
sllownd. The circoit generates wave-forms thas wre doubte he-
quency; fess then 1% distortion is racountered without fitirring,
The configuration hes been successfully used in excess of ?O()
kHz; reducing the scale {actor by decreasing the load resisiofs
can further expand the bandwidth.

A slightly modified versinn of the MTSTI5 (R 1420) —
the MC 1596 (MC1126) — hasbeen successfully used as 3 doubstar |
to obtain 400 MHz. {Sec Figure 28.)

6.2 Figure 29 represents an soplication for \hc monotithic
multiplier as » balanced modulator. Here, the ay!-o irput signal
is 1.6 kHz and the carrier is 40 k¥2:,

a0

FIGURE 27 - SQUARE ROOT CIRCUIT
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OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 30 — AMPLITUDE MODULATION The signa! is 8pplied to the unit's Y DY Since ghy tota!
input range is limited o 1.0volt pp, 92.0 .o “rung, 8 cunent
fy [ source of 2.0 mA and on Ry valve of 10 ¢ RLLY. N rhncen,
24 [ 213 Vegeensy This takes best adventage of the dynamic range ang insures
. " T finear operation in the Y-channel. .
™ Sir.ce the X input veries between Dang 410 volt, the cumeng
. 1 im source selected was 1.0 mA ang the Ry value chosen v 20
AL A f kilohms. This 150 intures linear operation over the X inpuy
excfevrg t L W dynsmic range. ’
it PCI89s) O, .”. ” Choosing Ry = 100 assures wide-bandwidth operatinn, Hence,
S ¥0DYLATION eisy J the scale factor for this configuration 5y
. " ADausY S35
. "
OFFSET ADAUSY ~O0——¢ RL
K==
. RxRyiz
ex. oy <iVpy 70
“stugcr 100
5 J o —— v-]
s Py (ZRH1 2 x 103
= v N <4 v-1,
. 40
The 2 in the numerstor of the equation s missing in this scale-
' factor €Xpression because the Output is singlecndod and ac
ctoupled
To recover the 02in, 3n MC1557 video emplifier with 3 gein
of 40 is used. An Operational amplifser also coutd have Heen
used with trequency Compensation to ellow » grin of 40 o
200kHz. The MC1539 Operational smphfier can e tavlorrd for
this use; and the MC1520 operstionat amplifisr does it direztly,
FIGURE 31 — LINEAR GAIN CONTROL t
ny
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MC1495L, MC1595L

OPERATION AND APPLICATIONS INFORMATION (continued)

FIGURE 30 — AMPLITUDE MODULATION
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The signat is apptied 1o the unit's Y ipot, Since the 1=t
Input rang~ is limited to 1.0 volt p-p, 8 2.0-volt swing, A curient
source of 2.0 mA and an Ry value of 1.0 hiloheh s chos~n,
This takes best advaniage of the dynamic rangr and insures
linear-operation in the Ychenne!.

Since the X input varies ietween 0 and + 1.0 valt, the curient
source srincted was 3.0 mA and the Ry, valus ch- ==n v.gr 2.0
kilohms:  This 8150 insures linear op~~ation over the X input
dynamic sange.

Choosing Ry = 100 assures wide bandhie
the scale factor for this configuration is

rone ation, Hence,

Ay i
K= Rxnyla
S | .

{2k k)2 x 103

e Ly,
40

The 2 10 the numerator of the equatian s musing += thes sea'e.
factor expression beeause the outpit it single-anded and og
coupled.

To recover the gain, #n MC1552 video amplifict »ith a gain
of 40 is used. An operstional smphi’ser aise coull b= Linen
used with frequency compensation to 2low # gain v! A7 at
200 kHz. The MC1539 operationa! emptifin an be tator=t tar
this use: and the MC1520 operational >mplifinr does st dreect'y,

FIGURE 31 — LINEAR GAIN CONTROL
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These TMOS Fower FETs ars deslgned for low voltage, high '%E::,’, 100 VOLYS

spoed povier switching epphcations such as switching roguletors,
cenventars, sclancid ond relay drivers.

e Silicon Gate for Fast Switching Speeds — Switching Times
Epecified at 100°C

¢ Desinner's Data — ipge, VDS(on) YG5(th) 8nd SCA

CHion) @ 0.C28 OMM
£0 #nd 63 VOLTS

: b MTNMEE0S
Specified st Elovated Tempatsture RETWAGEN 10

¢ Rupgod — SOA is Power Bissipation Limitad MTIASINDS

® Sgurce-to-Drsin Diode Chareciesized for Use With Tndus tive MTMIONIS
Losds

PIN 4: GATE
2: SOURCE

TASE: DRAIN
r— A 1
R R
MAXHAULA RATINGS .L‘ = ==
MTM i i e
3 E L & [
Resting Symbed | BONOS | genoe | temas | 5EN10 | Unk mernt §
= AR )
Drein-Sourea Voltags Vpss 50 (2] &0 100 | vdc - i
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Oparating end Stotegn LR PO 65 16 15¢ *C AL
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THERAAL CHARACTERISTICS _’_;:
5 - ] L84
[Mnermet Razistanca Rauc [y R4 14 ( i
Junction 1o Caua S5
— i (L)
Mavimum Lead Temp. for T 75 °C i) 161
Soidering Purpoces, 1/8° H
__t-om case for 5 seconds

CASE 18701
Designer’s Data for “Worst Ceso” Conditlons YO-204AE
The Designe:’s Data Sheet permits the dusign of most curcuita entirely from . {v0-3 TvrE)

the information presented. Limit dato — representitg device charncteristics
toundaring — are given to fecilitete “worst case” design
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C uniass otherwiss noted)”

[ Charscteristic Sybol | Min_ | Mea | Unt |
OFF CHARACTER:STICS
Drain-Source Bregkdown Voltage VER(DSS) i Vde
vgs » 0.1p = 6.CmA) MTIASONOS 5 -
MTRSENDE 60 —_
MITMEONGS 80 -
MTRLISENTO 100 —_
| -
Zero Gate Vokage Drein Current 'DsSS mAdG
(vpg = 085 Rated Vps. vgs = 0 -— 0.26
Tg = VOC, — 25
Gaie-Rody Leskape Current IGes — 500 nAdc
(vgs = 20 vde, Vos = 0) \
ON CHARACTERISTICS®
Gate Threehotd Voltege YGSith) i vde
(ip = 1L0mMA VDS = Ves) 2.0 45
1= 108°C 1.5 20
Cratic Drzir-Source On-Raristance DS(pa} Chm
vy = 10 Vde, iy = 3C Adc) MTRABONDS W THIGONOE - 0.028
Wes = 16Vvde, 1 = 27.5 Adk) MTHABHNCE W TMEENI0 — 0.04
Drein-Sourte Or-Voitage (Ves = 10 v} Vp&ion) vde
ip = €7 Adc} 1T MBONDAIATMEONDE — 1.8¢
(ip = A2 Ade, Ty = 100°C LATMB0NS/MTMEONCE —_ ; 1.63
{tp = 55 Addd ) MATAASENAE TATIALINGD - 262
in = 7.5 A, ¢ - Wl PATHASERO0 FATMEENI0 v —— .20
Forwerd Transconduiisnee 's mbhos
(Vpg = 5% Ip = S0 A BT IMEDNCE.  ATHECHNOG 10 - .
(Vpg = 16\ ip = 7.5 Al FTMESNOS MTNSENTD 10 —
OYNAMIC CHARLCTEMISTICH
Input Cepsciterce i Ciee | - 5000 of
; {Vps = 25V, VoS = 0. - ™
Output Cepacliance = 1.0 MR i Coss - 2800
Reverss Trongter Cepacitenss Cras - 1002
SVATCHING CHUARACTERIBTICR: (T =~ 100°C)
Turn-On Deiey Time \gton) — &0 ns
Riea. Time {Vpg = 25V, Ip = 0.5 Reied a8 t . — 209
- Roen = BC ohnt)
Tun-OH Delry Time Sea Figures 1 €08 2 ot S 150
-1 foli Time i u — 1w
SOURCE-DR/AMN DIODE CHARRCIFRISTICS® X
Ghatacta-istic Sytabo! Typ unit
N k - fdo
Forwarg On-Vnhage 1 = Rated Ip sD - 1.0 Vd
Forward Tum:Cn Timg Vgs « 0 ton 150 . ns .
Raverne Renovary Time . . ¢ 204 ns
epulse Tent: Frdun Witkth « 300 u8, Oty Tytie & 2.0 ' -
- - 1
: RESISTIVE SWITCHING P - . —
FIEURE 1 = SWITCHING TEET GIRGUT - FIGURE 2 — SWITCHIRG WAVEFORMS !
¢ - e 4 e et i A it - - —
T ey . - . “
! o0 i , ! - n&‘on4 — e L62%
o tdion} - ' tiom; - U
. i Vout I i F y s
-t § )_\r

Pulve Genarotn! -~ oot
——ﬁ-————-h-. =500
on_ . 3 :

11T

F

Dutput, Vour __|
! {nverisC

tiput, Vin
e
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+  TYPICAL CHARACTERISTICS -
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TYFICAL CHARACTERISTICS
FIGUHE 9 — GATE-THRESHOLD VOLTAGE .
VARIATION WITH TEMPERATURE | : FIGURE 10 — CAFACITANCE VARIATION
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Thea N

SAFE OPERATING ANEA INFORMATION
WAXIMUM RATED FORWARD BIASED GAFE CPERATING ARZA

HCURE 12 — MTMS0N0S, MTMEONGS
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The dc dota of Figures 12 and 13 is based on & case
temgorature (Te) of 25°C and a maximum junstion tem-
perature (T ymax) of 180°. The actual iunction temper-
&slure depends on tha power cissipzled in the device
and its case tompersture. For vericus pulse widiis, duty
cydles, ond case temperetures, the peak nlicwauble drain
currert {ipm) mey bo celculeted with the aid of the fol-
+ iowing equation:

HGURE 14 — MAXIMUM RATED SWITCHING

. SAFE OPERATING AREA
)
9 e —
2
¥ o —
& Ty~ g
a -
Z 160 — R !
& MINEGNGS -
2 7T v P
8 MIMESNGS § ==z =5 —
MIRLINGG
0
0 % ) ) ) 100

Vb5 ORAIN-TO-SBURCE VOLTAGE vieTs)

RGURZ 18 o MATASZENDE, MTMLINIG
i T 1
78 - o~ — g . e fnd »--D-“F
] . 0 |
D 2 ¢ o et = #‘
00 - Lme +h
I Al v 10 r; i
O o
E T =X S S o S‘
1
E 4'11 ¢ N 1l h
g atl | y. N
-7 LY LI N
P g Riuam AN
§ Ih) ! Tharral Lalt o Esth
5 : --—-P-d:pgeh:m \:\ ;
Yoo = BV Lmal TN
Siglc Puise T N
¢ = ¢ 1M s =)
: ;i,‘ i e { it
WL i i} i11il H ;
03 19 it 100
Vo DREN-TO-SOURCE VOLTASE VLTS
r -
THmer) = To
fom D ;D;zghc;g __x.hmf..)_"_:
A LPL - Rage < vy
where

I5125°C) = tae de drein current &t Tg = 25°C from
. Faures 12 snd 13
TJ{max) = rated meximum juaction temperaiure

C = device rass tempercivio
Pp = 151ed powar cigsizstion et Te = 25°C
Ruyc = rated steady stoté thermal resistance
r{t} ~ normslizod thermal responge from
Figure 11, o -~ -

SWITCHING SAFE OPERATING AREA

The switching eafe ope: ating erez {SOA) of Figure 14,
is the boundary that the losd line may traverss without
incurring darmege to the MOSFET. The fundamentzl lim-
its are the pask current, oM end tha breskdown voltags,
V(BR}DSS. The switching SOA shown in Figure 14 is
epphcable for both turn-on and turn-off of the devices
for switching times less than one microsecond.

The power sveraged over a complete switching cycle
must bo less than:
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MOTOROLA TMOS POWER MOSFET DATA
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IRF610
IRF611

IRF612 MOTOROLA
IRF613

- N Part Number Vps 'DS(on) ip
Advance Information e 200V | 150 | 25%
IRF611 150 v 150 25A
IRF612 200V 240 20A
IRF613 150 v 240 20A
N-CHANNEL ENHANCEMENT MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR IRF610
. . IRF611
These TMOS Power FETs are designed for low valtage, high IRF612
speed power switching applications such as switching regulators, IRF613
converters, solenoid and relay drivers.
® Silicon Gate for Fast Switching Speeds
® Rugged — SOA is Power Dissipation Limited
® Source-to-Drpin Diode Characterized for Use With Inductive R
Loads \ v
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NOTES-
- ). DIMENSION H APPLIES TO ALL LEADS .
MAXIMUM RATINGS 2. DIMENSION L APPLIESTO LEADS | AND 3 ON(Y.
IRF 3 DIMENSION 2 DEFINES A ZONE WHERE ALL
BODY AND LEAD IRREGULARITIES ARE
Rating Symbol | 610 | 611 | 612 | 613 | Unk ALLOWED
—— 4. DIMEKSIDNING AND TOLERANGING PER ANS!
Drain-“surce Vohage Vpss | 200 | 150 | 200 | 150 | vde Y145 1973,
p—— - v
Drain-Gate Vohtoge VoGr | 200 [ 150 | 200 { 150 | vac * CONTROLLING DIME NSION. inci -
(Rgs = 1.0 M) MILLIMETERS]  INCHES ¢
Gate-Source Vohage - VGs 220 vde S 1 wiax o aX_
Continuous Drain Current Ic = 25°C p 25 125 | 20| 20 | Ade ] g: I:JI? | 0.380 | 0.405
- C_] 4 .62 0,160 | 0.190
Continuous Drain Current Te = 100°C s) 15 115 {125 1.25 | Ade D 54 .89 | 6.025 ] 0.035
" . y 1] 373 034716147
Drain Current — Pulsed Iom 10 1 10 | 80| 80 | Ade & {2411 267 Toms ] o 05 ]
Gats Current — Pulsed IGM 1.5 Adc H J8 4 3.30 10,1101 6,330
- J 1 036 | 0.56 | 0.014 ] 0.027
Totsl Power Pp Warts K 112,70 14.27 {0,500 | 6.567
Dissipstion @ Te = 25°C 20 . 4] 1390045 [0.058
Derats above 25°C 0.16 wrc 80 [ 0210 |
54 4 00 | 0.120
Operating snd Storage TaTsg - 5610 150 °c o 9 10,0801 0.110
Temperature Range J4 T 9.5 170645 9055 |
THERMAL CHARACTERISTICS i SEAn i
Therma! Resistance Rac 6.4 ow My - Tooas] .
Junction to Case =1 ] = To06
Maximum Lead Temp. for Soldering n 300 < CASE 221A-02
Purposes, 1/° from case for § seconds T0-220A8

MOTOROLA TMOS POWER MOSFET DATA



IRF610-613

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

L Ch st [ symbol | Min | Typ [ mex | usn |
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BRIDSS . Vde
(Vgs = 0, 1p = 250 pA) IRF610,612 200 - -
1RF611,613 150 - _
Zero Gate Voltege Drain Current lpss mAdc
(Vgs = 0V, Vps = Rated Vpss) -} - 0.25
{Vgs = OV, Vps = 0.8 Rated Vpss. Tc = 125°C) - - 10
Forward Gate-Body Leakage Current IGSSF - - 100 nAdc
{Vgs = 20V, Vps = 0} -
Reverse Gate-Body Leakage Current IGSSR - —_ -100 | nAdc
{Vgs = ~20V, Vps = 0} - -
ON CHARACTERISTICS® i
Gate Threshold Voliage VGSith) 20 _ 40 vdc
{Vps = VGS. ip = 250 uA)
On-State Drain Current 1D{on} Adc
{Vps = 25 V. Vgs = 10V) IRF610,611 25 - -
IRF612,613 20 —_ —
Static Drain-Source On-Resistance DS(on) Ohms
(Vgs = W0 V.Ip = 1.25A) IRF610,611 - - 15
. IRF612,613 -— — 2.4
Forward Transconductance ofs 08 —_ —_ mhos
fVpg = 15V. lp = 125 A)
DYRAMIC CHARACTERISTICS
Input Capacitance Ciss — - 150 pF
Outpt.Crpa-iene (Vps = 25 V. VGs = 0.f = 1.0 MH2) Coss — — 80
Reverse Transier Capacitance 5 Ciss — — 25
SWITCHING CHARACTERISTICS® (Tg = 100°C)
Turn-On Delay Time tdlon) - — 15 ns
Rise Time Vop = 05Vpss. Ip = 1:25A Y = i 25
Tum-Off Delay Time 2o = 500 tdlotf) - - 18
Fall Time t - - 15
SOURCE DRAIN DIODE CHARACTERISTICS®
Characteristic Symbol Typ Unit
forward On-Voitage V. 1.8 Vde
0 {ig = Reted ip, VGs = 0) o
Reverse Recovery Time tr 290 ns

*puise Test: Puise Width < 300 ps, Duty Cycle € 2.0 %.

FIGURE 1 — SWITCHING TEST CIRCUIT
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FIGURE 2 — SWITCHING WAVEFORMS
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